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Summary
A study of the groundwater beneath the Boddington townsite was carried out in April
2002. The aim was to access the salinity risk to the townsite infrastructure and to
accelerate the implementation of effective salinity management for the town. The
study consisted of field reconnaissance, a drilling program, expansion of a
groundwater-monitoring network installed in March 2001, and groundwater
monitoring.
Thirty-one piezometers were installed at 14 sites. Depth to bedrock at the drill sites
ranged from 7.9 to 63.0 m and the elevation of the bedrock surface ranged from
147 m above Australian Height Datum (AHD) to 219 m AHD. This study showed that
most of the Boddington townsite sits over quartz-rich weathered granitic rocks. This
contributes to the high yields of water (up to 2.0 L/s) observed in several piezometers
drilled in the town.
The study found that groundwater levels were 4 to 5 m deep under the central
business district and that groundwater levels are not rising at significant rates,
suggesting that this area of town is not at risk from salinity. Groundwater pressures
were above ground level adjacent to two watercourses in Boddington and the
surrounding areas already exhibit signs of degradation resulting from salinity and
waterlogging. Soil salinisation on the school sports ground is a consequence of poor
vertical drainage and the use of brackish irrigation water, not a consequence of the
local groundwater system approaching the surface. Groundwater salinities in
Boddington range from fresh to saline but do not exceed 11,000 mg/L (2,000 mS/m).
Recommendations for managing the salinity risk to infrastructure in Boddington are
to:
1. Investigate the development of the potential groundwater resource under the
north-western portion of the school sports ground, to replace the bore
currently used to irrigate the school and shire sports grounds.
2. Install additional shallow subsurface drains under the school sports ground
and investigate the possibility of installing similar drains under the area to the
east of the school buildings.
3. Revegetate watercourses and public open space to minimise the impacts of
shallow groundwater in areas adjacent to natural drainage lines that run
through the townsite.
4. Continue to monitor groundwater levels throughout the townsite. Commence
monitoring the condition of the drainage line and vegetation in the vicinity of
Johnstone Street.
5. Implement water conservation and recharge reduction measures in the
Boddington townsite.
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1.

Introduction and background

The Rural Towns Program undertook a groundwater study of the Boddington
townsite in 2002. It was part of a larger investigation, called the Community Bores
Project, which covered nine towns. The aim was to accelerate the implementation of
effective salinity management options in the towns.
This study consisted of a review of existing relevant hydrological information, field
reconnaissance, drilling to expand the existing piezometer network, and initial
monitoring of groundwater levels in the town. This report documents background
information for the town and its catchment (Section 1), the hydrogeological
investigations (Section 2), conclusions (Section 3) and recommendations for
effectively managing the town's salinity risk (Section 4).

1.1

The town of Boddington

Boddington is located approximately 120 km south south-east of Perth. It sits on the
west of the Darling Plateau, about 50 km east of the Darling Fault (see Figure 1.1).
The area was settled in the mid-1860s and the town was gazetted in 1912 to service
the local timber industry. The Boddington area currently supports farming industries
ranging from sheep and beef to cereal cropping plus less traditional enterprises such
as agroforestry, viticulture and marron farming.
Mining is also important to the local economy. Bauxite mining commenced in the
area in 1979 and the Boddington Gold Mine was establishment in 1986. The gold
mine was closed in November 2001 and is currently on a maintenance program.
The Shire of Boddington estimated the population of the town to be 1,000 in 2001.
Approximately 700 people are employed within the townsite.

1.2

Description of the Boddington Catchment

Boddington sits on the banks of the Hotham River at approximately 210 m AHD
(Australian Height Datum). The catchment of the Hotham River above Boddington is
about 3,900 km2. The Hotham joins the Williams River 25 km south-south-west of
Boddington and drains to Peel Harvey Inlet via the Murray River.
The catchment for surface water entering the Hotham River at Boddington covers
1,200 ha and extends 4.2 km south of the river (Figure 1.2). It rises from 202 m AHD
at the river bank to 362 m AHD, and hillslopes are steep to very steep, to 5.5%.
The native vegetation of the upper catchment, south of the townsite, is jarrah-marri
forest. The uncleared portion of the lower catchment is mainly marri-wandoo
woodland (Hopkins et al. in press). Over 50% of the catchment (656 ha) is still
covered with native vegetation, most in the upper portion (Figure 1.2). Only 134 ha
of the remaining natural vegetation are part of the CALM estate.
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Figure 1.1: Regional setting of Boddington townsite showing the Hotham River
Catchment and former Water and Rivers surface water sampling points
mentioned in Table 1.1.
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Figure 1.2: Location of Boddington townsite in its catchment, showing natural
drainage, 10 m contours, inferred faults, remaining native vegetation and
Department of Environment stream gauging stations.
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Most of the 1,200 ha of the catchment is drained by a small, well incised creek that
flows through the town, and joins the Hotham River downstream of the Lions Weir
(see Section 1.6).
Surface run-off from steep hillsides has caused inundation problems within the
townsite in the past. Shallow surface water drains have been installed on cleared,
agricultural land upslope of the townsite to prevent surface water entering the
residential area downslope. Water is directed into farm dams.

1.3

Geology

Boddington lies on the Yilgarn Craton and the basement rocks of the area are mainly
granitic. Rock types mapped in the immediate vicinity by Wilde and Low (1980) are
migmatite and adamellite occasionally intruded by dolerite dykes. Wilde and Low
(1980) also noted veins and small areas of pegmatite and aplite. Small quartz dykes
and veins are also prominent within the granitic country rock. A band of
metamorphosed sedimentary rocks has been mapped extending north-westward
from Mount Saddleback, several kilometres west of the townsite. It has no impact on
the hydrogeology of the town or its catchment.
The central business district (CBD) of Boddington sits on locally-derived colluvium on
the lower slopes of a steep hill mapped as migmatite. Abundant outcrop is obvious
on the upper slopes of the hill. Downslope from the CBD, the new Boddington
District High School, shire and school sports grounds and some semi-rural residential
properties sit on an area mapped as alluvial floodplain (Wilde and Low 1980).
An inferred fault runs west south-west to east north-east through the townsite
(Geological Survey of Western Australia 1998). The fault is approximately 8.3 km in
length. The inferred centre-line of the fault crosses the alluvial floodplain of the
Hotham River at the northern end of the school oval (Figure 1.2). It should be noted
that the mapped location of the fault is only approximate and although marked as a
thin line, it is likely to be at least tens of metres wide to have been mapped at the
regional scale.
Most of the upper reaches of the catchment are mapped as either ferruginous
duricrust or sand over ferricrete overlying a profile weathered from the granitic
basement. There is an area of approximately 50 ha on the south-west catchment
divide mapped as unsorted sediments of sand, clay, cobbles and boulders of
unknown age. These sediments are stratigraphically similar to the surrounding
ferruginous map units.

1.4

Climate

Official rainfall observations have been collected at Boddington since 1915 (Clewett
et al. 2003). No pan evaporation data are collected, but data for Wandering, 23 km
to the north-east, are considered representative. The mean annual rainfall at
Boddington is 660 mm and the median is 670 mm per year. On average, 78% of
rain falls between May and October. Average monthly rainfall only exceeds pan
evaporation for four months during winter (Figure 1.3).
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Since official rainfall observations commenced at Boddington, the annual total has
ranged between 1,167 and 380 mm. Figure 1.4 shows the long-term rainfall for
Boddington. The figure shows that since 1970 the 10-year moving average annual
rainfall has been continuously less than the long-term mean and during that time the
annual rainfall has been above the mean only eight times. Furthermore, three of the
five driest years on record have occurred since 1970. The fifth lowest total on
record, 413 mm, occurred in 2001, the year before the Boddington Community Bores
Project was initiated.
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Figure 1.3: Mean and median monthly rainfall at Boddington and mean monthly pan
evaporation at Wandering.
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Figure 1.4: Long-term rainfall received at Boddington.
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1.5

Hydrogeology

A 1:250,000 hydrogeological map has not been published for the Boddington Pinjarra area. Few other sources of hydrogeological information are available in the
public domain. Most readily accessible information relates to the Boddington Gold
Mine, 12 km north-west of the townsite or to the Worsley bauxite mine (see for
example Turner and Gailitis 1997 or Turner et al. 1997).

1.6

Natural drainage

The central business district is on a hillslope overlooking the Hotham River. The new
Boddington District High School and sports grounds are located downslope of the
town centre on an alluvial floodplain. The Hotham River is well incised with steep
banks of 2 to 2.5 m.
Below the Boddington Caravan Park is Lions Weir, built in 1987 to create a
permanent pool for recreational purposes. Extensive ferruginous capstone is
exposed in the river bed immediately downstream of the weir and salt crystals are
clearly visible in the river bed when the weir is not overflowing. Marron, cobbler and
red fin perch can still be caught downstream of the weir (Shire of Boddington 2002).
An unnamed creek passes through town from the south and joins the Hotham River
via a small swampy area downstream of Lions Weir. A second small watercourse
runs through Prussian Park. It is ill-defined over much of its length and waterlogging
is obvious, especially where the flow of water is interrupted by roads. Parts of the
watercourse have been modified and lined, but are still not impervious.
The Department of Environment (previously Water and Rivers Commission) operates
several stream gauging stations and water quality monitoring points on the Hotham
River (see Figures 1.1 and 1.2). There was a gauging station at the traffic bridge
immediately upstream of Boddington, operational from February 1998 to December
2001; only stage height was recorded, no flow rate data are available.
Table 1.1 shows Water and Rivers Commission stream gauging stations and water
sampling points on the Hotham River, their locations in relation to Boddington and
ranges of stream water electrical conductivity (EC). The stream water ECs are also
shown in Figure 1.5. Despite the fact that data are not concurrent for all sites, the
graph clearly shows that the Hotham River is saline at its headwaters and that water
quality improves with distance downstream as relatively fresher inflows from areas
receiving higher rainfall join the river. River water quality downstream of Boddington
is significantly fresher than upstream despite the obvious signs of salinity in the
stream bed downstream of Lions Weir and the condition of the creek that flows
through the outskirts of the town.
Alcoa of Australia has approval to pump water from the Hotham River when the flow
at Marradong Road Bridge gauging station exceeds 342 kL/hr (Minister for the
Environment and Heritage 2002). Mean daily winter (May to October) streamflow at
the Marradong Road Bridge is approximately 24,000 kL/hr.

10

BODDINGTON GROUNDWATER STUDY

Table 1.1: Location and stream water electrical conductivity of selected Water
and Rivers Commission stream gauges and sampling points on Hotham
River.
Reference

Distance from
Boddington Gauge
(km)

Feature type

Name

614224

Stream gauging

Marradong Road Bridge

6141009

Sampling point

6141017

Stream water
conductivity
(mS/m)

20 (downstream)

20–1,600

Farmers Crossing

5 (downstream)

300–1,300

Sampling point

Pumphrey Bridge

60 (upstream)

900–2,000

614008

Stream gauging

Falls Farm, Cuballing

120 (upstream)

1,250–2,950

614106

Stream gauging

Boddington

not observed

Conductivity (mS/m)

5,000
4,000
3,000
2,000
1,000

614224 - Marradong Road Bridge

6141009 - Farmers Crossing

6141017 - Pumphrey Bridge

614008 - Falls Farm

Jan-90

Jan-88

Jan-86

Jan-84

Jan-82

Jan-80

Jan-78

Jan-76

Jan-74

Jan-72

0

Figure 1.5: Stream water electrical conductivity observed at selected Water and
Rivers Commission stream gauging stations and sampling points on the
Hotham River.

1.7

Town water supply and disposal

Boddington receives potable water from the Goldfields and Agricultural Water Supply
Scheme, supplied from Mundaring Weir. Based on 2001-02 data, Boddington’s
annual consumption of scheme water is 169,000 kL. Prior to 2001 this supply was
supplemented from the Boddington dam on the unnamed creek that joins the
Hotham River downstream of Lions Weir. A bitumen catchment and natural
drainage feed the dam. Water from the dam has not been used in Boddington since
2001 because of its high turbidity and the presence of pesticide residues (Water
Corporation, pers comm). The water is fresh with EC about 10 to 20 mS/m.
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The Shire of Boddington operates a bore for reticulation of shire and school sports
grounds (TWBR5, Figure 2.1). A nearby bore (TWBR4), used to irrigate the sports
grounds until summer 2000-01, was decommissioned due to increasing salinity. A
small dam at the opposite end of the shire sports grounds has also been
decommissioned. Private bores for irrigation of domestic gardens are common
throughout the town. The limited data available show that water quality is marginal at
best, ranging from 240 mS/m (1,300 mg/L) to almost 700 mS/m (3,800 mg/L) and
are presented in Appendix 2.
The townsite is partly sewered. The CBD and immediately adjacent areas are
sewered. Sewage lines also extend to properties along Marradong Road and the
new light industrial area to the south and south-west of the CBD. Areas relying on
septic tanks and leach drains include the new subdivisions of Hotham Heights,
upslope of the golf course and Ranford to the east of the CBD. Homes on higher
ground to the south-east of the CBD are also unsewered.

1.8

Existing evidence of salinisation

Several wells and bores around the townsite have been decommissioned due to
increased salinity of the groundwater. The old government well opposite the shire
depot near the corner of Johnstone Street and Farmers Avenue reportedly supplied
potable water from the 1950s until sometime during the 1970s. The well has since
been filled in as a matter of public safety. The area around the old well site exhibits
only limited signs of soil salinisation. Prussian Park, on the opposite side of Farmers
Avenue from the old well site also shows limited signs of soil salinisation. In addition,
the area is affected by inundation and waterlogging.
A bore near the shire sports ground was decommissioned during summer of 2000-01
because of unacceptable salinity (2,700 to 4,500 mg/L, see Appendix 2). The bore
had been used to irrigate the sports ground and nearby bowling greens. One of the
two grassed bowling greens has since been replaced with a synthetic surface. A
buried agricultural drain was installed along the eastern edge of the school sports
ground at about the same time in an attempt to alleviate the effects of salinity on the
grass. The area has continued to deteriorate and salt crystals are obvious in areas
where grass cannot be grown. Areas of soil salinisation are also obvious in garden
beds at the front of the school, along Pollard Street. The school rectangle has also
been affected by waterlogging. To move shallow subsurface water away from the
school buildings, the agricultural drain is to be replaced with a larger drain. A second
agricultural drain running along the rear of the school buildings and along the eastern
perimeter will also be installed (Department of Housing and Works, pers. comm.).
A small area adjacent to the creek at Collin Street also exhibits signs of soil
salinisation. Barley grass (Hordeum spp.) has replaced all other grasses and herbs
on the site and large portions support no vegetation at all.
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2.

Hydrogeological investigation

The aim of the hydrogeological investigation was to determine which salinity
prevention options would be most effective in Boddington. The investigation
consisted of field reconnaissance, a drilling program coupled with installation of a
groundwater monitoring network, and a groundwater monitoring program.

2.1

Previous investigations

Five piezometers, TWPZ1 to TWPZ5, were drilled in Boddington during March 2001
with funds provided by the Rural Towns Program. Boreholes were drilled to depths
from 11 to 16 m and completed with 50 mm class 12 PVC casing slotted over the
bottom 2 m. All piezometers were gravel-packed over the slotted interval with
bentonite seals directly above the gravel pack. Piezometer locations are shown in
Figure 2.1 and bore completion details provided in Table 2.1.
Staff from the Boddington Gold Mine monitored the piezometers until April 2002 as a
community service. Water quality data for the two shire bores between the shire and
school sports grounds were measured occasionally. Observations of depth to
groundwater and its electrical conductivity were also made at private bores
throughout the townsite between April 2000 and April 2002. Boddington Gold Mine
staff also retrieved limited historical records that dated back to 1997. No bore logs,
construction details or records of depths drilled were found. All groundwater levels
and electrical conductivities observed are shown in Appendix 2.
The available data show that, prior to April 2002, groundwater was as deep as 6.3 m
below ground level at the decommissioned bore previously used to irrigate the school
sports ground (TWBR4, Figure 2.1). Most groundwater levels were considerably
closer to the ground surface. The shallowest groundwater observed under
residential or commercial areas was at piezometer TWPZ2 on Johnstone Street
where it ranged between 0.8 and 1.8 m below ground level. There are no obvious
signs of adverse effects of shallow groundwater in the immediate vicinity.
At TWPZ5 in Prussian Park, groundwater was at or near the ground surface between
August 2001 and April 2002. At TWPZ4 on Collin Street, groundwater levels were
between 2.0 and 2.4 m below the ground surface. The well is located on the
shoulder of the road, which is built up above the natural ground surface. The area
between the well and the nearby creek is clearly salt-affected.
Most groundwater electrical conductivities (ECs) were in the brackish to moderately
saline range, between 250 mS/m (1,370 mg/L) and 900 mS/m (4,950 mg/L),
although there is some question over the validity of observations at TWPZ2 (see
Section 2.4). ECs observed at TWPZ1 were consistently less than 100 mS/m
(550 mg/L) which is fresh to marginal. Groundwater EC at the decommissioned bore
used to irrigate the shire and school sports grounds in the past ranged from
500 mS/m (2,750 mg/L) to nearly 750 mS/m (4,100 mg/L). Water quality at the new
bore was similar, ranging from 450 to nearly 750 mS/m.
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Limited observations of water quality of the small dam south of the shire sports
ground indicate that total dissolved salts varied from 1,320 to 2,440 mg/L (240 to
440 mS/m) between July 2000 and May 2001. No water level data for the dam were
collected.

2.2

Methods

Drilling for the Community Bores Project was carried out 22-28 March 2002. Thirtyone piezometers (prefixed 02BD) were installed at 14 sites (see Figure 2.1).
2.2.1 Drill site selection
Drill site selection was based on land availability, safe access for the rig and suitable
spacing of monitoring sites. At most sites, boreholes were drilled in pairs, one hole
to basement and one to either the top of the saturated zone or the top of the
perching layer if a perched aquifer was observed during drilling of the first hole. In
some cases a third, intermediate borehole, was drilled if the deeper aquifer appeared
stratified or if the two aquifers were separated by more than a few metres.
A borehole to basement was drilled adjacent to the 15 m deep observation well at
site TWPZ5. Deep boreholes were not drilled adjacent to any of the other TWPZ
series of holes due to access difficulties. Piezometer TWPZ3 was buried during
construction of a car park at the rear of the new school; and later unearthed,
undamaged. Had it been located during the drilling program it would have been a
candidate site for a companion piezometer to basement.
The area immediately around the Boddington District High School was a priority
because it is the most valuable asset thought to be at risk from shallow groundwater
and salinity. One site close to the shire dam south of the sports ground was also
selected to determine the degree of leakage from the dam.
2.2.2 Drilling methods
Boreholes were drilled using reverse circulation aircore technique with 123 mm
diameter bit. Drill samples were retrieved from a cyclone at the outlet of the air hose.
Boreholes that yielded significant volumes of water during drilling were later
developed by air-lift by the contractors and the discharge rate measured. In
December 2002 all deep piezometers, except 02BD02D, and some of the
intermediate and shallow piezometers were purged by air-lift and flow rates
measured by Department of Agriculture staff.
2.2.3 Piezometer construction
All boreholes were completed with 50 mm diameter class 12 PVC casing and a
lockable steel collar cemented into position. Most boreholes were completed as
piezometers to measure groundwater pressure over the slotted interval of the casing,
which was the bottom 2 m in every case. A gravel pack of 1.7–3.35 mm graded
sand was installed to cover the slotted interval of the casing and a bentonite seal
installed above that prior to back-filling with drill spoil. Several very shallow
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boreholes were completed as observation wells. Observation wells were completed
in a similar manner to piezometers but without a bentonite seal. Bore completion
details are shown in Table 2.1.
2.2.4 Drill sample analyses
One bulk sample was taken per metre from each borehole and descriptive logs were
recorded at the time of drilling (see Appendix 3).
Subsurface clays from drill sites 02BD05 and 02BD09, on the school sports ground,
were subjected to a visual dispersion test (Frost and Orr 1990). The aim was to
determine if the soil is likely to respond to treatment with gypsum to increase vertical
drainage on the site. Three replicates from each of the following depth intervals
were subjected to the test:


02BD05, 2 to 3 m depth;



02BD09, 1 to 2 m depth; and



02BD09, 2 to 3 m depth.

2.2.5 Groundwater monitoring and sample analyses
Groundwater levels were measured routinely and samples taken quarterly from all
piezometers, including the pre-existing group. In addition, a visit to the town was
arranged for 17 April 2002 to measure groundwater response to the first significant
rainfall event following completion of the drilling program. The rainfall between 16
and 18 April 2002 was 47 mm; the only other rain recorded at Boddington after the
drilling program was 4.8 mm on 9 April 2002.
Electrical conductivity (EC) values of the water samples were measured at the
Department of Agriculture laboratories in South Perth. Results are stored on the
AgBores database. The Department of Agriculture will continue monitoring
groundwater levels and EC until June 2005.
2.2.5 Surveying
Locations (eastings and northings) and elevations of piezometers were surveyed
using a differential global positioning system with a nominal accuracy of ±0.020 m
horizontally and ±0.050 m vertically.
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Figure 2.1: Location of bores in Boddington townsite.
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2.3

Results

2.3.1 Field reconnaissance
Evidence of groundwater discharge and secondary salinity was observed
immediately downstream of the Boddington water supply dam wall in March 2002.
At this point, the creek is well incised and most signs of salinity were restricted to the
riparian zone. Mature eucalypts on the creek banks were dead or in very poor
condition but younger trees appeared to be in good health. Downstream, where the
channel is less well incised, and stock are allowed access to the creek, the effects of
salinity were more obvious and severe. The understorey was degraded and rushes
less prominent then further upstream; saltwater couch grass (Paspalum vaginatum)
was growing in and around the channel.
At several points between the dam and Boddington townsite, small quartz or doleritic
ridges extend down toward the creek and at these points groundwater discharge was
more obvious and effects of salinity more severe then elsewhere along the creek.
The creek enters the townsite through Blue Gum Park. It is well incised at that point
and no obvious signs of salinity adjacent to the watercourse were observed. A small
quartz ridge runs down toward the creek from the east immediately upstream of
where the creek enters Blue Gum Park. Further downstream at Collin Street, the
watercourse is not as well incised and the effects of salinity on the surrounding area
were obvious (see Section 1.8). Downstream of this point, the watercourse and
immediate surrounds appear significantly less degraded.
2.3.2 Profile descriptions
Detailed drill logs are shown in Appendix 3. The main components of the profiles are
illustrated in Figures 2.2, 2.3 and 2.4.
At the sites drilled, depth to bedrock ranged from less than 8 m at 02BD14 to 63 m at
02BD07. The elevation of the bedrock surface ranged from 147 m to 219 m AHD.
The regolith below the town consists of thin colluvial or impermeable, grey clay
alluvial deposits overlying weather granitic saprolite. At most drill sites, the saprolite
was quartz-rich. Quartz veins intersected during drilling were generally imbedded
within grey clays that often clogged the drill string during drilling. The quartz grains
ranged in size from fine sand to stones of 3.5 mm and occasionally 5 mm.
At sites 02BD03, 02BD05, 02BD07, 02BD09, 02BD13 and 02BD14 quartz was
prominent and often very coarse. The interval of very quartz-rich saprolite was
thickest at 02BD05 where over 40 m of interbedded coarse quartz and grey clays
were encountered. The basement at 02BD04 and 02BD08 is pegmatite or possibly
adamellite. Less quartz was intersected in the saprolite at 02BD04 than in many
other sites. Potential aquitards were observed at seven of the 14 drill sites. Bores
intersecting possible aquitards were between Prussian and Blue Gum Parks and the
school oval adjacent to the Hotham River.
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Mafic basement was encountered at drill sites 02BD01 and 02BD02, on the flank of
a large ridge topped with laterite and occasional mafic outcrop.
The contact between sediments and material weathered in situ was difficult to
distinguish from the drill spoil of holes located on the low-lying area adjacent to the
Hotham River. Sedimentary materials were quite thin given the landform. The
maximum thickness of sedimentary material encountered was definitely less than
4 m and probably less than 2 m.
240

Hotham Heights

Golf Course

School Oval

River

Piezometric Surface
Shallow Watertable
02BD07
220

Alluvial
Sediments

02BD09
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Figure 2.2: Schematic cross-section from Hotham Heights to Hotham River through
drill sites 02BD07, 02BD05 and 02BD09. Groundwater heads shown are for
April 2002. Bold figures adjacent to slotted intervals are indicative
groundwater EC values in mS/m.
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Figure 2.3: Schematic cross-section from school sports ground to granitic outcrop
above Boddington townsite, through drill sites 02BD09, TWPZ3, 02BD08
TWPZ2 and 02BD11. Groundwater heads shown are for April 2002. Bold
figures adjacent to slotted intervals are indicative groundwater EC values in
mS/m.
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through drill sites 02BD13, 02BD06, TWPZ3, and 02BD09. Groundwater
heads shown are for April 2002. Bold figures adjacent to slotted intervals are
indicative groundwater EC values in mS/m.
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Table 2.1: Piezometer and observation well construction details and water level, EC (April 2002) and pH (September 2002). Note
that bore yields are the higher of two results obtained from air-lift purging immediately after drilling and December 2002 purge.
Bore name

Alias

Ground elevation
(m AHD)

Depth drilled
(m)

Screen range
(m BGL)

02BD01D

221.77

23.50

20.37-22.37

02BD01S

221.76

8.00

5.92-7.92

02BD02D

236.70

24.00

21.11-23.11

02BD02S

236.67

4.00

1.87-3.87

02BD03D

215.14

35.00

32.35-34.35

02BD03I

215.16

9.00

6.92-8.92

02BD03S

215.21

3.00

0.95-2.95

02BD04D

219.18

35.00

32.80-34.80

219.22

15.00

13.00-15.00

02BD05D

209.71

62.50

51.74-53.74

02BD05I

209.68

19.00

15.96-17.96

02BD05S

209.66

9.10

7.10-9.10

02BD06D

212.26

28.00

24.56-26.56

02BD06S

212.25

9.00

5.97-7.97

02BD07D

221.07

63.00

59.51-61.51

02BD07S

221.07

26.00

23.44-25.44

02BD08D

211.00

47.00

44.07-46.07

02BD08I

210.91

22.00

19.98-21.98

02BD08S

210.84

8.00

5.95-7.95

02BD04S

TWPZ5

02BD09D

209.74

51.50

46.89-48.89

02BD09I

209.76

18.00

15.68-17.68

02BD09S

209.76

2.80

0.80-2.80
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Aquifer screened
Doleritic saprolite

Bore yield
SWL
(L/s)
(m BGL)
0.1

-8.95

EC
(mS/m)
1,730

-7.92
Doleritic saprolite

-19.22

Saprock, pegmatite or
adamellite
Quartz-rich granitic saprock

Granitic saprolite

Quartz-rich granitic saprock,
porphyritic
Saprock, quartz-rich pegmatite
or adamellite

Quartz-rich granitic saprock,
porphyritic

6.3
6.0

899

-3.87
Quartz-rich granitic saprock

pH

6.0
5.7

0.1

-0.61

1,354

6.1

< 0.1

-0.4

1,310

5.8

-0.66

1,002

4.8

0.1

-0.01

1,018

6.5

< 0.1

-0.18

717

6.1

0.5

-5.26

118

5.5

2.0

-5.27

319

5.8

-4.93

77

6.3

0.3

-7.27

623

6.4

<0.1

-5.97

195

4.6

<0.1

-12.59

441

6.7

-12.89

767

6.4

0.2

-6.04

315

6.5

1.7

-6.07

378

6.3

-5.03

167

6.0

0.4

-5.32

168

6.3

1.8

-5.33

275

5.7

-2.15

5.9
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Bore name

Alias

Ground elevation
(m AHD)

Depth drilled
(m)

Screen range
(m BGL)

Aquifer screened

02BD10D

211.15

40.6

38.6-40.6

02BD10S

211.48

5.02

3.02-5.02

02BD11D

233.25

34.53

32.53-34.53

02BD11S

233.28

7.94

5.74-7.74

02BD12D

218.61

30.06

28.06-30.06

02BD12S

218.66

2.93

0.93-2.93

02BD13D

217.19

19.95

17.95-19.95

02BD13S

217.08

5.00

3.00-5.00

02BD14D

226.89

7.94

5.94-7.94

02BD14OB

226.86

2.99

0.99-2.99

TWPZ1

212.85

11.00

9.00-11.00

Pallid zone

213.03

11.00

9.00-11.00

Pallid zone

211.10

16.00

14.00-16.00

Pallid zone

213.32

16.00

14.00-16.00

Pallid zone

TWPZ2

Johnstone

TWPZ3
TWPZ4

Collin St

22

Granitic saprock, pegmatite

Bore yield
SWL
(L/s)
(m BGL)
-4.66

566

6.2

0.2

-2.99

524

6.2

-6.89

549

6.6

-6.78

52

5.4

-2.44

1,065

5.9

0.5

-2.93
Quartz-rich granitic saprock

Granitic saprolite

pH

0.1

Granitic saprolite

Granitic saprock

EC
(mS/m)

0.5

< 0.1

6.2

0.53

1,403

5.9

-0.61

970

6.0

-0.53

1,555

4.3

-2.42

6.6

-1.78

69

-2.20

292
877
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2.3.3 Visual dispersion test
All replicates of shallow subsurface clays from sites 02BD05 and 02BD09 displayed
a zero ranking on the visual dispersion test (Frost and Orr 1990). This implies very
high aggregate stability and no likely response to application of gypsum.
2.3.4 Groundwater data
Groundwater yields
Only boreholes that yielded significant flows during drilling were developed by air-lift
and flow rates measured. The results show that yields of 0.5 L/s (~40 kL/day) or
greater where observed at sites 02BD05, 02BD08, 02BD09, 02BD12 and 02BD13
(see Table 2.1). It should be noted that only 2 m of screened casing was installed in
each borehole so yields from a fully screened well could be significantly greater than
those observed.
Boreholes at 02BD05, 02BD08 and 02BD09 yielded flow rates in excess of 1.0 L/s
(>85 kL/day), all on the alluvial floodplain above the Hotham River. At these sites,
the highest yields were also observed in the upper portion of the saprolite, where
quartz was abundant. On the Yilgarn Craton, it is most common to observe the
highest permeabilities in saprock immediately above competent basement or
associated with faults (Clarke et al. 2000). The high groundwater yields and
significant thickness of quartz-rich saprolite at these sites suggest that the boreholes
may have intersected the fault shown in Figure 1.2.
02BD05 was selected as a potential site for a production bore based on groundwater
yield. Site 02BD09 was drilled 65 m away as a second observation point for a
potential pump test. A production bore was not drilled.
Groundwater levels
Table 2.1 lists the groundwater depths observed in piezometers in April 2002, shortly
after completion of the drilling program. Groundwater under Boddington was
unconfined in upslope landscape positions and semi-confined or confined under
lower slopes and on the flood plain of the Hotham River. Groundwater heads in the
saprock aquifer were within 1 m of ground level at 02BD03 and 02BD04D, adjacent
to the ill-defined drainage line running through Prussian Park and past the
abandoned water supply well. Heads were also within 1 m of ground level at
02BD14 and above ground at 02BD13, adjacent to the unnamed creek entering the
townsite through Blue Gum Park and joining the Hotham downstream of Lions Weir.
The head at TWPZ3 was 2.20 m BGL; this piezometer is significant because it is
25 m from the shire bore currently used to irrigate the school sports ground and 85 m
from the decommissioned shire bore previously used for that purpose.
Groundwater levels were 2.4 m or more below the ground surface at all other sites,
the deepest being 19.22 m at 02BD02D. Heads in the saprolite aquifer under the
school sports ground at 02BD05 and 02BD09 were 5.2 m below ground or more.
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The groundwater heads observed in April 2002 tended to be a subdued reflection of
the ground surface except where they were above ground level. Figure 2.2
illustrates how groundwater levels varied from Hotham Heights and the golf course to
the school sports ground. Figure 2.3 illustrates how groundwater levels varied from
the school sports ground, under the CBD to the upslope edge of town behind the
hospital and Figure 2.4 is a section from Blue Gum Park across the shire sports
ground to the school oval.
By mid-June 2002 groundwater heads were above ground level at 02BD04 in response
to 141 mm of rainfall after the April groundwater observations. In August 2002, heads at
sites 02BD03 and 02BD14 also became artesian following a further 200 mm of rain.
Figure 2.5 shows a representative groundwater hydrograph and daily rainfall totals for
2001 until April 2004. Groundwater hydrographs for all piezometers showing
groundwater levels and electrical conductivities are presented in Appendix 4.
The groundwater hydrographs presented in Appendix 4 show that vertical
groundwater gradients were consistently upward at 02BD03, 02BD04, 02BD13 and
02BD14, all adjacent to drainage lines. Upward gradients were also observed at
02BD07 on the golf course and at 02BD12 on the small saddle between Hotham
Heights and the large mafic ridge running to the south of the western end of the
townsite. Downward vertical groundwater gradients were observed at the seven
other sites where nested piezometers were installed, most noticeably at 02BD05 and
02BD09 on the school sports ground, and 02BD06, adjacent to the dam south of the
shire sports ground.
All deep groundwater time series data collected to April 2004 were statistically
analysed for time trend and response to rainfall using the techniques described by
Ferdowsian et al. (2001). The technique also allows for the determination of delay
between rainfall and observed effect on groundwater level. Piezometer TWPZ3 was
excluded from the analysis because of its proximity to the shire bore used to irrigate
the school sports ground. Annual rainfall totals for 2002 and 2003 were 595 and
700 mm respectively, compared with the long-term mean of 660 mm. These
followed 413 mm in 2001, which was the fifth lowest on record.
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Figure 2.5: Bore hydrograph for piezometer 02BD05D showing groundwater head in
metres below ground level and daily rainfall.
Most of the time series included 12 or fewer observations of groundwater level over
the two-year monitoring period. This number is insufficient to determine long-term
trends with any reliability so trends are not reported. However, all regressions of
groundwater level against time and rainfall yielded R2 values of 0.82 or greater,
indicating that >80% of the variability observed in the groundwater data is explained,
in a statistical sense, by a constant trend over time plus rainfall variability.
Groundwater level was extremely responsive to rainfall at all sites. All except two
piezometers responded to rainfall either within the month it fell or the following the
month. Furthermore, rainfall variability was a stronger influence on groundwater
level than any discernable trend at all sites except 02BD02D. The rate of rise at
02BD02D was 0.3 m/y. This bore is upslope of the light industrial area (see
Figure 2.1) and groundwater has little significance to areas of shallow groundwater
within the townsite.
Groundwater quality
Groundwater EC and pH observed in April 2002 are listed in Table 2.1. EC values
for April 2002 ranged from 1,730 mS/m at 02BD01D to less than 100 mS/m at
02BD05S, 02BD11S and TWPZ1. A private bore just downslope of 02BD11 is
reportedly used to irrigate a domestic garden including vegetables. The bore is
approximately 15 m deep and equipped with a windmill. This implies that water at
the site is similar to the fresh water (<50 mS/m) encountered at 5.7 to 7.7 m BGL at
02BD11S.
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Conductivities above 1,500 mS/m have been observed at 02BD03D, 02BD13D and
02BD14D. The maximum EC recorded was over 1,900 mS/m at 02BD01D in May
2002.
At 02BD05D and 02BD09D ECs have been consistently below 200 mS/m. In March
2002, the shire bore used to irrigate the school sports ground was found to yield
water of 980 mS/m and a nearby private bore was at 600 mS/m. Both are slotted at
shallower depths than 02BD05D and 02BD09D nearby. Historically, the shire bore
has yielded water between 500 and 700 mS/m.
In most cases, groundwater observed in shallow piezometers was fresher than that
observed in deep and intermediate piezometers. The exception was 02BD07 where
the shallow piezometer is slotted between 23.44 and 25.44 m below ground level.
Groundwater EC values observed in the shallow and intermediate piezometers at
02BD08 vary strongly with water level in a more systematic way than EC at other
sites in Boddington. At times of elevated heads in the shallow and intermediate
piezometers the EC is at its lowest; the response is most marked in 02BD08I.
Groundwater pH is generally slightly acidic. The most acid groundwater sampled
was at 02BD04S in November 2001 with a pH of 4.2. Groundwater pH has been
above 7.0 only in piezometers TWPZ2, TWPZ3 and TWPZ4. The highest pH
observed was 8.3 in February 2002 at TWPZ4. Groundwater pH at 02BD05 ranged
between 5.8 and 6.5.

2.4

Interpretation and discussion of results

This section presents an interpretation of the recharge, groundwater flow and
discharge processes affecting Boddington townsite based on the results of the
drilling program and groundwater monitoring to date. A short discussion of some
anomalies in the groundwater level and EC data is first required.
At 02BD04S (originally referred to as TWPZ5) in Prussian Park, groundwater was
observed to be within 0.05 m of the ground surface between September 2001 and
January 2002 (Figure 2.6). The casings of both 02BD04S and 02BD04D were
extended from approximately 0.6 m above ground level (AGL) to 1.36 and 1.68 m
AGL, respectively, prior to the observations in August 2002. At that time, the
groundwater head was found to be above the top of the casing at both piezometers
and the casings were further extended to 2.00 and 1.98 m AGL, respectively.
Piezometer 02BD04S was later found to be leaking from around the annulus. It was
repaired in November 2002 once the leak was identified.
The piezometer was probably leaking, unnoticed, between September 2001 and
January 2002 and de-watering the aquifer. It has already been noted that 2001 was
the fifth lowest rainfall on record and that 2002 and 2003 were increasingly wet. It is
feasible; therefore, that groundwater discharge into the surface soil was occurring
during 2001 at a rate low enough not to be noticeable at the soil surface. The 2001
groundwater head data for this period should therefore be considered dubious and
ignored.
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The second anomaly in the groundwater data concerns water quality observations for
site TWPZ2 (Johnstone Street see Figure A16). Groundwater ECs measured at the
piezometer by Boddington Gold Mine staff between August 2001 and April 2002
were consistently between 70 and 120 mS/m, however, the values measured by
Department of Agriculture staff between February and September 2003 ranged from
1,170 to 1,230 mS/m. The difference is approximately an order of magnitude and it
is likely that an error in conversion from S/m to mS/m has resulted in the apparent
change of water quality between April 2002 and February 2003. On current
evidence, observations made by Department of Agriculture staff appear correct. All
discussion of water quality at the site is based on the assumption that the
groundwater EC at TWPZ2 is approximately 1,200 mS/m.
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Figure 2.6: Groundwater hydrographs for piezometers 02BD04S and 01BD04D.
Note the head in 02BD04S between September 2001 and January 2002 and
that heads were above the casing tops at both piezometers in August 2002.
2.4.1 Recharge
A simple zoning system for the sources of groundwater recharge affecting a townsite
was applied to the towns in the Community Bores Project. It is described and then
applied to Boddington.
The following comments assume that the recharge that causes groundwater to rise
below townsites can occur in three zones:


the townsite itself;



the slopes directly above the townsite;



the valley floor downslope of the townsite.
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Recharge within the townsite
Within the townsite zone, the contribution of water can come from:


direct recharge from rain infiltrating where it falls



direct recharge from imported water supplies where they are applied (e.g. overwatering of domestic and public gardens, leakage from pipes and storage
facilities, septic systems)



indirect recharge from areas where surface run-off generated on the slopes
above the town and impermeable surfaces within the town accumulates



indirect recharge below flowing surface water (seasonal creek flows and unusual
floods).

The piezometers within the townsite respond quickly to rainfall and vertical
groundwater gradients are consistently downward at seven of 13 sites with nested
piezometers suggesting that direct recharge from rainfall within the townsite is rapid.
Based on the 2001-02 Water Corporation data for Boddington’s consumption of
scheme water (169,000 kL, Section 1.7) and allowing for 21% non-residential usage
(Loh and Coghlan 2003) Boddington’s annual per capita residential water
consumption is approximately 20% higher than Perth metropolitan residential water
consumption. In metropolitan Perth, 54% of single-residence water consumption
(1998–2001) is used to water domestic gardens. The Water Corporation water
consumption statistics for Boddington includes a large area of properties classed as
special rural to the north-east of the townsite so there is no reliable method of
estimating what proportion of that water becomes groundwater recharge under the
townsite.
A significant proportion of Boddington townsite is unsewered; for residences in those
areas, most in-house water use will contribute to groundwater recharge via septic
tanks and leach drains.
The nested piezometers at site 02BD06 were installed with a view to determining if
the shire dam south of the sports ground leaked. Heads in the shallow piezometer
are consistently above those observed in the deep piezometer and the water is
significantly fresher. The available data is consistent with the hypothesis that the
dam does leak, but with hindsight, the piezometers are too far from the dam to
determine the degree of connection between the dam and the aquifer. This appears
to be of little consequence, however, because the dam is small and data from other
piezometers in the vicinity indicates that the aquifer responds quickly to rainfall and
that diffuse recharge elsewhere in the townsite is rapid and significant.
Surface run-off from agricultural land upslope of the townsite has, in the past, caused
problems in Boddington and shallow interceptor drains have been installed to
prevent run-off entering the townsite. Given the steep gradients over much of the
townsite this water could be considered more of an erosion risk than a broad
recharge risk. Run-off and shallow subsurface water appears to be an issue only in
the vicinity of the new school site and water does not inundate other low-lying parts
of town for extended periods so serious recharge risk from this source is not likely.
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Groundwater heads adjacent to surface watercourses within the townsite are
observed to be upward and consistently above ground, at least where they are
observed. Piezometer nest 02BD08 is located between the school grounds and the
creek (see Figure 2.3) and is at a slightly higher elevation that piezometers TWPZ3
and 02BD09 on the far side of the school buildings. The response of groundwater
heads in 02DB08S to rainfall is rapid and very pronounced. Furthermore, the
groundwater EC observed in the shallow and intermediate piezometers falls
substantially at times of elevated heads (Figure A8). Summer and autumn heads at
02BD08 are lower than heads at TWPZ3 and 02BD09 (see Figure 2.3) but rise to
above those at TWPZ3 and 02BD09 in winter (not shown). These observations are
consistent with the creek losing water at times of high flow but are not conclusive.
The gradient in shallow groundwater heads between 02BD08 and 02BD09 in
September 2003 was 0.05% (assuming a uniform gradient between the two
piezometers) indicating that leakage from the creek is probably only of very localized
significance, especially given the ample opportunity for diffuse recharge from the
area between the sites. Recharge from losing streams is therefore not considered a
significant recharge hazard to infrastructure in Boddington.
Recharge on slopes above townsite
Recharge occurring on slopes above a townsite can affect groundwater levels below
the town if the groundwater systems below the zones are connected. In most cases,
the source of the recharge will be rain falling on the slopes. At Boddington, the
areas of concern are the rock outcrop to the south-east of the townsite, lateral flow
from the large ridge to the south-west of town (upslope of the light industrial area)
and groundwater inflows associated with the drainage line that enters the townsite
through Blue Gum Park.
Groundwater observations from the nest of piezometers at site 02BD11, at the
upslope end of town, behind the hospital, provide evidence of the effect of recharge
around and downslope of the large area of rock outcrop upslope of Boddington
(Figure 2.1). Heads in the shallow piezometer (slotted between 5.74 and 7.74 m
BGL) respond more rapidly to rainfall than heads in deep piezometer (slotted
between 32.53 and 34.53 m BGL). Heads in the shallow piezometer take longer to
recede from their highest levels than heads in the deep piezometer perhaps
indicating sustained flow from upslope. Furthermore, groundwater EC in the shallow
piezometer is generally less than 50 mS/m indicating a very short residence time.
The EC of groundwater sampled from the deep piezometer is also relatively fresh at
600 mS/m, indicating a relatively short residence time for this water also.
Groundwater head and quality data for piezometers downslope of 02BD11 (see
Figure 2.3) is also consistent with the hypothesis that there is hydraulic connection
from the agricultural land upslope of town through to the Hotham River. The low
groundwater ECs observed along this section indicate an active groundwater flow
system that was possibly active, though with lower through flows, prior to clearing.
Any groundwater inflow from the 1,200 ha surface water catchment to the south of
Boddington must enter the townsite through the narrow valley floor occupied by the
creek that enters the townsite at Blue Gum Park. The creek displays obvious signs
of groundwater discharge upstream of Blue Gum Park but not in the park, possibly
because the watercourse is well incised at that point. Groundwater heads at
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piezometer 02BD13D are consistently above ground level and the vertical gradient
at that point is strongly upward. Upward vertical gradients are also observed at all
other piezometers adjacent to watercourses within the Boddington townsite.
However, 02BD13 also sits at the base of a large ridge to the south-west and the
upward heads could be a consequence of groundwater flow from the ridge as well
as from upstream along the watercourse.
The cross-section drawn through 02BD13 toward the school sports ground
(Figure 2.4) is based on the simplistic assumption that there is hydraulic connection
along the section. The groundwater head and water quality data do not support that
assumption. Heads at TWPZ3, which is within 25 m of the shire bore used to
irrigate the school sports ground, are consistently 2 m above those observed at
02BD05(D and I) and 02BD09 (D and I) and also above the heads at 02BD06. The
EC of groundwater in deep piezometers at the school sports ground is consistently
below 150 mS/m and in intermediate piezometers consistently between 250 and 500
mS/m. The EC of groundwater pumped from the shire bore is regularly between
500 and 700 mS/m and the maximum observed is almost 1,000 mS/m. This is
similar in quality to groundwater observed in the deep piezometer at 02BD06.
Groundwater EC at 02BD13, in Blue Gum Park is consistently around 1,500 mS/m.
If there is significant groundwater inflow from the catchment to the south, then it is
not the source of the groundwater under the school sports ground, which is
significantly fresher than the groundwater at Blue Gum Park.
Recharge on valley floor downslope of townsite
The groundwater system below a valley floor downslope of a townsite can affect the
groundwater levels below the townsite in two ways. Rising valley groundwater levels
may:


cause the valley floor system to encroach below the town; and



inhibit the outflow of groundwater from below the town.

The degree of connection between groundwater bodies below the two zones will
influence the magnitude of the effect of the downslope zone on townsite groundwater
levels. Groundwater levels in the downslope zone may be influenced by rain falling
on the zone, surface water flowing into the zone from the town and the slopes above
the town, and surface water and groundwater flowing in from other areas.
At Boddington, the well-incised Hotham River can be considered a discharge
boundary to the local groundwater system. Heads observed in deep piezometers at
the school sports ground are currently 5 m below ground level. It can therefore be
assumed that there is no impediment to deep groundwater flow down-gradient of the
school sports ground.
2.4.2 Groundwater flow systems
The CBD sits above a local groundwater flow system (Figure 2.3). The aquifer
consists of quartz-rich granitic saprolite often observed to be more than 30 m thick.
The most permeable section of the regolith is not confined to a relatively thin layer of
saprock, immediately above the basement, as is often the case on the Yilgarn Craton
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(George 1992, Clarke et al. 2000). The aquifer probably receives recharge from
direct infiltration in and around the large area of rock outcrop to the south-east of
town and from run-off from the outcrop infiltrating on the area immediately
downslope. The low EC of the groundwater, the high yields measured in many
boreholes drilled around the townsite, and the responsiveness of heads to rainfall
indicate that flow is relatively rapid and that the residence time of the groundwater is
not great. Winter groundwater heads in this aquifer are within a metre of the ground
surface at the break of slope, in the vicinity of Johnstone Street. Shallow
groundwater in this flow system probably interacts with the creek downslope of
Johnstone Street (Figure 2.3).
There is evidence that boreholes at the school site intersect a fault mapped at
regional scale (Figure 1.2). Boreholes at sites 02BD05, 02BD08 and 02BD09
intersected thick sequences of quartz and groundwater yields at these sites were the
highest measured in Boddington. Furthermore, the quality of water immediately
above the basement at sites 02BD05 and 02BD09 is the freshest observed under
the townsite despite the fact that the area represents the down-gradient end of the
flow system if it is assumed that groundwater flow mirrors the surface topography.
Electrical conductivities of groundwater in the upper saprolite are also higher than
those observed just above the basement despite the fact that the heads are almost
identical. There is probably hydraulic connection between the basement aquifer at
the school (02BD05, 02BD08 and 02BD09) and the local flow system originating
below the outcrop south-east of the townsite. However, if boreholes 02BD05,
02BD08 and 02BD09 have intersected a fault then there is likely significant
groundwater flow along the strike of the fault. This implies that borehole 02BD07, on
the golf course, also lies on, or close to, the inferred fault. Groundwater at the site
probably discharges to the Hotham River; minimum groundwater heads observed at
02BD05 and 02BD09, though 5 m or more below ground level, are above the
elevation of the river bed.
It is assumed that there is some groundwater inflow to the townsite from the
catchment to the south; however, the quantity and fate of this water is unknown.
Upstream of Collin Street (TWPZ4) heads in the vicinity of the creek that drains the
catchment are often artesian. The creek is obviously salt-affected upstream of Blue
Gum Park and in the vicinity of Collin Street. Heads in the vicinity of a second small
creek running through Prussian Park are also strongly upward (02BD04). The EC
data do not support the notion that there is hydraulic connection between this
groundwater and groundwater in the basement aquifer at the school site. Perhaps
passive discharge to the watercourses is the cause, although the strongly upward
heads at 02BD13, at Blue Gum Park, do not necessarily imply strong groundwater
discharge in the area.
2.4.3 Assessment of salinity risk
Groundwater levels below Boddington CBD are deep enough not to be causing
problems in that part of the town. Along Johnstone Street, at the break of slope,
however, groundwater has been within a metre of the ground surface for the past
three winters. There are no obvious detrimental effects of shallow groundwater in
this area at present and, although there is some uncertainty, the water is very fresh.
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The creek downslope of Johnstone Street appears relatively healthy at that point
despite the obvious effects of shallow groundwater and salinity further upstream.
Without long-term data to determine how long groundwater levels have been within a
metre of the soil surface a prognosis for the future of the immediate area is not
possible. There are two likely possibilities. The first is that heads have been close to
the ground surface for some time and that there has been little adverse impact. In
this case, it could be expected that, with management of the vegetation in the area,
there would be no serious adverse impacts. The second possibility is that heads
have only recently reached this level and that the onset of adverse impacts along the
break of slope is imminent. The second possibility is more likely; however, given that
the town was gazetted early last century, it is to be expected that the area was
cleared at about the same time and that the groundwater system is at or very close
to equilibrium. These facts, together with the depth of groundwater at 02BD08, allow
some optimism.
The prognosis for those areas near the two watercourses in Boddington that are
already salt-affected is that they will continue to worsen unless remedial action is
taken. Groundwater in these areas is saline, vertical groundwater gradients are
upward for most of the year and heads are artesian in winter. Fortunately, these
areas are confined to narrow zones adjacent to the watercourses because of the
gradient of the ground surface and the well-incised channels. There is a risk that
Blue Gum Park will become salt-affected because the creek which flows through it is
salt-affected both upstream and downstream. The well-incised stream channel
through the park may help to prevent this. The park is well vegetated with trees less
than five years-old but if there is strong groundwater discharge by evaporation at the
park, they may be at risk from a build-up of salt in their root zones.
Groundwater levels in the saprolite aquifer at the new school site have ranged
between 2.9 and 6.0 m below ground since observations began in April 2002,
whereas perched groundwater observed at 02BD09 is consistently less than 2 m
below the ground surface. Furthermore, heads at sites 02BD05, 02BD08 and
02BD09 are consistently below those observed at TWPZ3, which is up-gradient.
Heads at 02BD05, 02BD08 and 02BD09 are also above the bed of the Hotham
River, implying that there is groundwater discharge to the river. Therefore, the
evidence points to the soil salinity on the school sports ground and adjacent areas
being a consequence of poor vertical drainage at the site coupled with the brackish
water used for irrigation. The irrigation water has consistently been above 400 mS/m
and as high as 1,000 mS/m and is further concentrated by evaporation because of
the lack of vertical drainage. Without enhanced drainage and an improvement in the
quality of the water used for irrigation, the soil condition will continue to deteriorate.
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3.

Conclusions

Groundwater under the greater portion of the Boddington townsite is deep enough
not to constitute a salinity risk. Furthermore, there are no indications that there is a
short- to medium-term salinity risk for this area. The areas at highest risk of soil
salinity are adjacent to drainage lines, which already show signs of degradation, and
the area around the new school building on the alluvial flood plain of the Hotham
River. Fortunately, the salt-affected areas adjacent to saline watercourses are
relatively narrow and no infrastructure is currently threatened.
Soil salinisation of the school sports ground is a consequence of poor vertical
drainage and brackish irrigation water. The basement aquifer under the site exhibits
summer-time heads 5 m or more below the ground surface and the water is fresh to
marginally saline. Therefore, opportunities to address soil salinisation on the site do
exist. Visual dispersion tests were conducted on sub-soil samples collected from the
school sports ground and the results indicated that the soil is not likely to be
responsive to gypsum. Other options to improve drainage site will need to be
pursued.
The area at the break of slope above the Hotham River flood plain, in the vicinity of
Johnstone Street is potentially at risk from salinisation. Groundwater heads at the
top of the saprolite aquifer in a piezometer on Johnstone Street (TWPZ2) have been
within a metre of the ground surface over the past three winters but no obvious signs
of groundwater discharge are observed despite the EC being around 1,200 mS/m. It
is likely that the area will begin to show signs of degradation over the next few years,
however, the strong local groundwater gradient may negate the impacts of the
shallow watertable. The possibility of the creek downslope of the Johnstone Street
piezometer being a losing stream also implies that there is hydraulic connection
between the flow system under the Boddington CBD and Johnstone Street area and
that water in the saprolite aquifer may flow past with little impact.
There appears to be groundwater inflow to Boddington townsite from the catchment
to the south but the fate of the water is unknown. The available groundwater quality
data does not support the notion that a large quantity of groundwater flows under
Blue Gum Park to the school sports ground and then to the Hotham River.
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4.

Recommendations

To deal with existing and potential consequences of salinity in Boddington, the risks
to townsite infrastructure have been prioritised. Recommendations, specific to each
category of salinity impact or risk are presented below.

4.1

Boddington school site

Alleviating the effects of soil salinity in the vicinity of the school should be the highest
priority in the Boddington salinity management strategy. The following actions are
recommended:
1. Investigate the development of the groundwater resource under the northwest corner of the school sports ground as an alternative irrigation water
supply. This should include drilling a production bore and a pump test to
determine the potential supply. Additional piezometers will be required
perpendicular to and along the strike of the fault to monitor groundwater
response to pumping. Long-term water quality monitoring will be required to
identify and manage possible groundwater salinity increases.
2. Installation of additional subsurface drainage under the school sports ground
to remove excess water. Site investigations should be carried out to
determine the areal extent of the clay layer responsible for the poor vertical
drainage and its depth before the drainage system is designed. Hand
auguring on a 30 or 40 m grid should suffice. Site investigations should also
be carried out to determine whether subsurface drainage is appropriate for the
area to the east of the school buildings. This should include measurement of
the shallow groundwater salinity. Shallow groundwater at 02BD05, 02BD08
and 02BD09 is consistently below 100 mS/m, so shallow groundwater
immediately to the east of the school buildings should be of low enough
salinity to be discharged to the Hotham River. An approval from the
Department of Environment may be required to discharge drainage water to
the Hotham River.

4.2

Soil salinity adjacent to drainage lines

1. Revegetate areas of public open space adjacent to creeks and watercourses.
2. Minimise onsite recharge and waterlogging using surface water control
structures. Recommendations on recharge management for the townsite in
general are discussed in Section 4.4, below.
3. Deepening of natural drainage lines within the townsite is not currently
recommended but may be considered in the future. Any modification of a
natural drainage line that will cause it to discharge groundwater requires the
proponent to submit a Notice of Intent to the Commissioner of Soil and Land
Conservation. In addition, the Murray River System is gazetted as a
Controlled Surface Water Area under the Rights in Water and Irrigation Act
(1914). Therefore, any modification to the bed or banks of the river or creeks
would require that the property owner apply for a permit from Department of
Environment (formerly Water and Rivers Commission).
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4.3

Break of slope adjacent to Johnstone Street

1. Continued monitoring of the piezometer network to ascertain if there is any
long-term trend in groundwater levels under the townsite. The current data is
insufficient to determine the likelihood of salinity impacts in the vicinity of
Johnstone Street.
2. Commence visual inspections of the health of vegetation along the drainage
line downstream of TWPZ4 on Collin Street and of the vegetation in
residential gardens on the downslope side of Johnstone Street.
3. Groundwater pumping to reduce groundwater pressure in the saprolite aquifer
is not currently recommended. This strategy may be required in the future if
signs of degradation are observed at the break of slope in the vicinity of
Johnstone Street or if upward groundwater trends become apparent under the
school site or the Boddington CBD.

4.4

Recharge reduction

Recharge below the town has not been measured, but may be greater than below
surrounding agricultural land. Recharge occurring within the townsite is likely to be
easier and cheaper to reduce than recharge below areas of agricultural land.
Furthermore, some methods of reducing recharge have other benefits such as
reduced water supply costs. The following actions are recommended:


use surface water management structures to prevent surface water from
ponding for prolonged periods;



replace septic systems with a sewer system;



grow perennials on any bare land and grassed areas;



monitor the amount of water required by gardens, parks and sports grounds
and avoiding over-watering; and



check for and repair leaking water pipes, pools, drains and culverts.
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Appendix 1. Glossary of terms
adamellite
alluvial
aplite
aquifer
artesian
basement
colluvium
craton
dolerite
duricrust
dyke
fault
ferricrete
ferruginous
mafic
metamorphosed
migmatite
outcrop
pegmatite
piezometer
porphyritic

regolith

saprock
saprolite
stratigraphy

A variety of granite containing calcium and potassium-based minerals, in roughly equal
amounts.
Of or relating to weathered material transported by water.
A fine-grained, light coloured rock of the same mineralogy as granite.
A material that absorbs and transmits water in sufficient quantities to be of use.
The condition of a confined aquifer in which the piezometric head sits above the ground
surface so that pressure causes water to flow freely from a bore drilled into the aquifer.
Consolidated rock at the bottom of a profile, underlying soil and regolith material.
Basement may be exposed at the surface as outcrop. Also referred to as bedrock.
Weathered material transported by gravity.
A major unit of the Earth's crust, consisting of a large stable mass of rock, sometimes
with a thin veneer of sediments.
A medium-grained mafic igneous rock which occurs mainly as dykes, sills or small
plugs.
A hard surficial crust formed in a semi-arid environment as a result of deep chemical
weathering.
An intrusive body of igneous rock which cuts across the bedding or structure of the host
rock.
A fracture in the earth’s crust where movement has taken place.
Surficial sand and gravel cemented by iron oxide.
Of or containing iron as a chemical constituent.
Minerals consisting mainly of iron and magnesium. The term is used to describe rocks
such as dolerite that are dominated by these minerals. Mafic rocks are typically heavy
and dark coloured.
Altered by the forces of heat, pressure and chemically active fluids within the Earth’s
crust.
A rock resulting from the mixing of two different rocks, one injected into the other in a
liquid or molten state.
The total area over which a particular rock unit occurs at the surface, whether visibly
exposed or not. The term exposure is sometimes used as a synonym.
A very coarse-grained rock with a grain size of 30 mm or greater.
A borehole cased and completed with a seal adjacent to the slotted section to observe
groundwater pressure over the slotted interval rather than the elevation of the
watertable.
The texture of igneous rocks containing relatively large crystals set in fine-grained
material.
All unconsolidated earth materials occurring above solid bedrock. Regolith includes
soil, unconsolidated sediments and weathered bedrock. Scientists regard soil as being
only that part of the regolith that is modified by organisms. Most engineers describe the
whole regolith, even to great depth, as soil.
Partially weathered rock consisting of gritty material retaining the fabric of the
underlying bedrock. Lies directly above basement.
The weathering product of bedrock that remains in situ, literally ‘rotten rock’. It forms
part of the regolith.
The study or description of stratified or bedded rocks based on their sequence in time,
their character and the correlation of beds in different localities.
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Appendix 2. Groundwater data collected by Boddington
Gold Mine Staff
Site

TWBR10

TWBR3

Comment

pH

22/02/02

2.95

320

6.75

2,200

New location

12/04/02

4.39

518

6.20

2,848

Private bore, Club Drive

30/05/91

518

5.90

3,160

Local health authorities for SOB

11/08/00

2,805

3,030

6/09/00

2,570

2,780

5/10/00

2,450

3,160

1,600

22/08/01

5.98

2,800

554

6.40

3,320

6/04/00

near sports Oval, Club Drive

7/07/00

3,040

3,440

11/08/00

3,390

4,510

6/09/00

1,320

3,980

5/10/00

3,160

4,050

BGM commenced monitoring

1,760

510

Shire bore, ex-bowling club

Local health authorities for SOB

8/08/01

4.17

31/10/01
22/01/02

12/04/02
New school bore
Local health authorities for SOB
BGM commenced monitoring

502

6.64

2,753

562

6.02

3,107

596

6.12

3,307

6.26

5/10/00

2,920

3,970

31/05/01

2,340

3,160

8/08/01

9,570

19/09/01

486

5.78

2,659

31/10/01

463

5.73

2,524

9/11/01

9,880

22/01/02

11,266

23/02/02

460

5.75

2,506

12/04/02

14,079

TWBR7

Private bore, corner Williams and
Johnstone Streets

24/08/01

238

6.99

1,217

TWBR8

Private bore, Hakea Road

24/08/01

684

5.72

3,236

TWDM1

Shire Dam, back of Football oval
Monitored by BGM

TWPZ1
TWPZ2

Blocked soon after installation,
air-lifted early 2002
Reported EC values considered
questionable see Section 2.4 for
discussion

Vol
(kL)

5.73

23/02/02

TWBR5

NaCl
TDS
(mg/L) (mg/L)

Old school bore, installed Feb
2002, by P Crabb. Hole covered

BGM commenced monitoring
TWBR4

Date

Depth
Cl
to
EC
(mg/L) water (mS/m)
(m)

7/07/00

1,750

2,010

11/08/00

1,230

2,150

6/09/00

935

1,320

5/10/00

1,170

1,450

31/05/01

1,990

2,440

12/04/02

3.36

69

5.92

358

8/08/01

1.10

69

7.65

358

19/09/01

0.77

69

6.90

360
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Site

Comment

TWPZ2

TWPZ4

TWPZ5

TWSE1

Foreshore seepage at old school,
monitored by BGM

TWTP1

Town Hall Standpipe
Monitored by BGM

TWWE1

Old Gov't potable well, monitored
by BGM

Date

Depth
Cl
to
EC
(mg/L) water (mS/m)
(m)

pH

9/11/01

0.91

103

7.06

533

22/01/02

1.16

117

7.24

604

23/02/02

1.39

109

7.70

563

12/04/02

1.78

97

7.33

502

19/09/01

2.00

771

5.96

4,337

9/11/01

2.04

836

5.74

4,720

22/01/02

2.16

621

6.33

3,545

23/02/02

2.36

828

6.86

4,673

12/04/02

1.97

877

6.48

4,962

8/08/01

0.1

123.1

6.85

635

19/09/01

0.04

232

6.11

1,187

9/11/01

0.03

827

4.22

4,667

22/01/02

0.05

1190

4.25

6,805

23/02/02

0.1

865

4.55

4,891

18/04/02

0.6

809

5.06

4,561

234

6.19

1,197

19/09/01

NaCl
TDS
(mg/L) (mg/L)

5/02/97

64

27

7.03

147

12/02/97

60

27

7.13

147

10/01/01

76

30

7.55

200

7/02/01

70

28

6.70

180

16/07/01

94

36

7.55

230

17/07/01

92

37

7.50

240

904

6.48

5,121

19/09/01

3.50
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Appendix 3. Descriptive bore logs
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Appendix 4. Bore hydrographs
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Hydrographs have been prepared for 18 drill sites in the Boddington townsite, those
drilled for the Community Bores Project and earlier sites.
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Figure A16
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TWPZ1 - Conductivity

Figure A15
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TWPZ3 - Conductivity

Figure A17
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